Objective: The purpose of this study is to identify any differences in adherence to morphine administration protocols between two clinical levels of paramedics within one emergency medical system in Australia. Methods: The participants were made up of 63 Advanced Care Paramedics (ACPs) who were trained in basic and intermediate life support and 45 Intensive Care Paramedics (ICPs) who were trained in advanced life support skills; all were operational and practicing paramedics qualified in morphine administration. Participants were required to complete a survey designed to assess their knowledge of morphine drug therapy protocol (DTP). The survey involved two sections: 1) demographics, and 2) questions related to two scenario-based cases. Scenario one was a cardiac case and scenario two was a pediatric case. Results: In scenario one, more intensive care paramedics administered the correct dose than the advanced care paramedics (25.4% vs. 4.4%; df = 101, P = 0.002); scenario two showed no statistically significant difference between the two groups (35.5% vs. 31.6%; df = 97, P = 0.3). Conclusion: The comparison of the two levels of paramedics and their adherence to drug protocols identified that ICPs had a higher rate than ACPs for adherence to morphine administration protocols for patients suffering cardiac related chest pain. The clinical differences may be based on the length of the opioid-administration training program, clinical exposure to morphine administration, work experience and length of qualifications as an ACP or ICP. Our findings suggest that there is a need for structured initial and ongoing continuing education programs in pain management to maintain knowledge and behavior in pain management strategies. Further research is also required into paramedic's behavioral intention regarding morphine administration to also identify what constructs affect their intent to administer morphine.
Introduction
Pain is a common symptom that leads people to seek health care both in the prehospital and hospital environments [1] - [3] . While many health disciplines are involved in pain management, paramedics play a pivotal role in the assessment, evaluation, early intervention and management of many patients suffering pain. Pain management is dependent on the attending paramedics' pharmacological knowledge, protocol familiarity and on the timely initiation of opioid drugs.
Weber et al. described the paucity of high-quality published evidence with which to "validate many aspects of pain management in paramedic practice" (2013: p. 454) [4] . Inadequate or under medications have been identified as undesired outcomes when the health professional's knowledge and assessment skills are below standard [5] [6] . There are a number of possible causes for inadequate knowledge and assessment skills including organisational culture and lack of ongoing education of health professionals [5] [7] . In response, some Australian ambulance services have implemented problem-based education and practical assessments that follow an audit process [8] . However, programs such as these have had limited success increasing knowledge application or changing clinician behavior in regards to pain relief when no on-going education processes have been implemented [5] [7] .
An insufficient amount of time allocated to health professionals pain management education and training has been identified as a barrier to the administration of medications such as opioids [9] [10] . Educators in the medical field have found that increasing clinicians' knowledge of pain management through effective, high quality education and continuing education programs [11] eliminates this barrier [12] [13] . A study conducted by French et al. (2013) implemented and evaluated a continuing education pain management program for paramedics [14] . The authors concluded that a program that was three hours long was sufficient to significantly improve the paramedic's pain management knowledge and behavior [14] .
Pain management strategies also require effective education and continuing education including the use of narcotics in pain management and the use of non-narcotic interventions [11] . In pain management cases paramedics should be equipped with appropriate attitudes [7] and effective clinical judgment to utilize methods of pain relief other than pharmacological interventions [11] . A number of other studies have shown the benefits of education and/or guidelines on improved prescribing patterns both in general terms and specifically for non steroidal anti-inflammatory drugs (NSAID), paracetamol and pethidine [1] . For a successful pain management program to be installed into ambulance services, an effective and successful program must firstly be introduced through paramedic baccalaureate degree programs and then by the ambulance services through in-service education. Just as important is the follow-up of clinical practices by paramedics through a quality assurance program that includes call review and continuing education [4] [15] [16] .
While many paramedic programs continue to deliver pain management programs that vary in duration [7] , the optimal length of the pain management program to ensure the transference of knowledge into clinical practice is not known. No comprehensive research has been found that describes the different levels of education of paramedics and the administration of pain analgesia.
The Australian Emergency Medical Service (EMS) system in this current paper has implemented different pain management programs to meet the needs of varying education level of paramedics, including intensive care paramedics (ICP) who provide advanced life support versus advanced care paramedics (ACP) who provide primarily basic life support and some limited advanced life support procedures (all ICPs are former ACPs who then graduate from an advanced clinical program). These two levels of paramedics are consistent with the two tier level for scope of practice in ambulance services across Australia [17] . The ICPs received 40 hours of on-going pharmacology education over one semester in postgraduate studies; the ACPs received a single eight hour pain management training package that was administered by regional coordinators.
The aim of this study is to identify if there is a relationship between duration of pain management training programs and adherence to pain management protocols between the two levels of paramedics. The findings may be used to improve organisational awareness of factors that contribute to the future education and professional development of paramedics.
Methodology
A cross-sectional non-experimental survey design was employed for this study. Data were collected by a selfreport on a web-survey (electronic questionnaire). Scenario based questions were used to measure the paramedics' knowledge of morphine drug doses for patients with pain. The scenarios provided to the paramedics were validated when used in the education of advanced care paramedics in a pain management workshop [8] .
Subjects
The target population for this study was practicing intensive care (ICP) and advanced care paramedics (ACP) who still retain their scope of practice for administration of morphine in the prehospital setting in one Australian state. As the delivery of the pain management package for ACPs was different between different regions in the state, the advanced care paramedic sample group came from one region only (all the ICPs in the state received identical training). The sample consisted of: the advanced care paramedic (ACP) (n = 63) within one region of the state; and, all intensive care paramedics (ICP) (n = 45) throughout the state. The survey-return rate yielded a response of 35% of the overall population.
Measures
The self-administered on-line survey consisted of a demographic and a scenario-based knowledge section comprising two case scenarios on pain management ( Table 1) . Participating paramedics selected the morphine administration dosage that best reflected their behavior in the clinical setting. Individual responses were scored and compared against the ambulance service's standard drug therapy protocols [8] . Comparisons of scores between the two groups were made using independent t-test for parametric data and chi-square test for non-parametric data. A P value of less than 0.05 was set for the study. De-identified demographic data and scores were entered into and evaluated using SPSS 17.0 (SPSS, 2009) statistical package software.
Ethical Considerations
This study received approval from the CQ University human research ethics committee (approval number H08/ 10-058) and the Australian Ambulance Service.
Results
Of the 108 paramedics who chose to participate in the study (Table 2) , the majority were male (87, 81%) and advanced care paramedics (63, 58%). The range of respondents' experience in paramedic practice within the ambulance service was from one to over 20 years (mean 12.0 years; SD = 6.2) with 18% (n = 17) of the respondents having over 20 years experience. The ICP group was more experienced with an average of 8.5 years (SD 4.2) in their current role, compared to 5.1 years (SD 2.7) for the ACP group. A difference was also evident in relation to career length where ICPs on an average had been in the profession for 15 years (SD 5.34) and the ACPs just under 10 years (SD 5.8). Educational qualifications of the ACP varied with 69 percent (n = 37) possessing either an Associate Diploma or Diploma, a fifth (n = 11) with a Bachelor's degree and the remainder Table 1 . Scenario based assessment of knowledge.
Scenario 1
You are called to a motel room where you find a 45-year-old male patient complaining of central chest pain radiating down his left arm, described as severe 10/10 pain. The patient states to you that he is not sure if it is relevant but he has taken Viagra one hour ago. The patient's vital signs are within normal parameters for narcotic analgesia.
Scenario 2
You have been dispatched to a four-year-old female who has fallen down three stairs. She is conscious and alert with pain in the left arm. The patient's father states she slipped down 3 stairs and did not hit her head. The patient appears to have a fractured left humerus. The patient is showing signs of significant pain and vital signs are within normal parameters for narcotic analgesia (11%) having graduated from post-graduate programs. In comparison almost half (45%) of the ICP's had completed a Bachelor degree or a graduate diploma (>25%). One ICP had completed a master's degree. The respondents identified how many times (on average) they administer morphine during their routine duties. Nine of the one hundred and eight participants had never administered morphine in their daily duties, with ACPs making up the majority of these (6.5% vs. 1.9%). Most (n = 95, 88%) participants had administered morphine between 1 and 3 times a shift with the ICP making up the majority of this cohort (51.4% vs. 37.4%). Very few (n = 3, <2%) of the participants administer morphine four or more times a shift with the ICP being the only clinical level administering these doses (P = 0.134).
Survey Results
The survey for scenario 1 was developed from a standard drug therapy protocol (DTP) of morphine administration for ACPs and ICPs. The second scenario focused on the management of a paediatric patient suffering significant pain. The second scenario, like the first, identified the respondent's knowledge of current DTP drug dos-ages. To determine the respondent's knowledge of drug therapy protocols as per the ambulance service's DTP, information pertaining to the correct drug dose was scored by either the correct dose, incorrect dose or no dose (as shown in Table 3 ).
Scenario One
The majority of ACP respondents (45/63, 71%) to scenario one would administer morphine using the correct DTP. There were 25% (16/63) that administered the incorrect DTP of 2.5 mg with three percent of respondents (2/63) stating they would not administer morphine. In relation to the ICP respondents; 77% (35/45) stated they would administer the appropriate doses as per their DTP. Approximately 4% (2/45) administered outside of their DTP and a further 13% (6/45) would not administer morphine (df = 101, P = 0.002).
Scenario Two
For this scenario over half of the ACP respondents (58%, 33/63) recognised the correct commencing dose of morphine for paediatric patients. Thirty two percent (18/63) of the ACP respondents did not indicate the correct dose, either through administering too high a dose or opting for smaller aliquots of morphine. Six of the ACP respondents (10%) opted to not administer the morphine.
Of the ICP respondent group, 46% (21/45) would have administered the correct dose with a further 35% (16/45) administering a dose outside of the protocols; 13% (6/45) of ICP respondents made the judgement to not administer morphine (P = 0.30).
Discussion
Adherence to protocols is required for the safe and effective management of patients and in particular when administering a narcotic analgesia. This study identified that intensive care paramedics adhered to drug therapy protocols for morphine administration for patients suffering cardiac related chest pain which may have a positive effect on patient care outcomes. When it came to drug dose regimes for paediatric pain management, the intensive care paramedics showed more drug errors than the advanced care paramedics but the results were not statistically significant.
The findings of this study identified that there are statistically significant differences between the adherences to protocol for morphine administration by two different clinical levels of paramedics.
Variables that may affect these outcomes include the span of experience of the paramedics; the length of qualification, the subject's clinical training, the exposure to morphine administration and length of the morphine education programs.
A possible influence on outcomes may be that the ICP group had received on-going education on the topic of pain management and morphine administration. Given the correlation between ongoing education [11] and behaviour [7] this may well have influenced the pain management practices of the ICPs. [18] . Given the front line positioning of emergency services, paramedics are well placed to become active leaders and primarily responsible for reducing human pain and suffering. Reducing the gap between contemporary pain management research and paramedic care has been a focus for many organisations including the Australian and New Zealand College of Anaesthetists (ANZCA) [1] .
A descriptive and comparative statistical analysis was performed in an Australian emergency department (ED) pain management study. The majority of their patients arrived by ambulance (n = 1966, 95%). The analgesia provided to patients by paramedics was morphine (n = 120, 14.2%), morphine derivatives (n = 55, 6.5%), or methoxyflurane (n = 247, 29.3%). Their findings observed that the majority of cohorts presented to the ED were still in significant pain [19] . These findings concur with international literature which identified that patients presented to ED's in the United States, France and the United Kingdom continued to report significant pain and only 49.3% of these patients had received opioid analgesia [3] . A survey of ambulance services in the United Kingdom identified that only eight percent of paramedics gave analgesia other than entonox; two of the influencing factors were the skill and education of the paramedics [20] . These findings are consistent with our findings where we identified that the intensive care paramedics received 40 hours of education in pain management compared to a single eight-hour continuing education package for the advanced care paramedic.
It has been documented that a lack of education for paramedics in pain physiology, pain assessment and opioid pharmacokinetics are contributing factors to oligoanalgesia [3] . Two studies discussed the impact of education on pain management in the prehospital setting. In a study from France, a quality control program focussing on pain treatment and the implementation of a pain management protocol, significantly improved pain management to patients [21] . Lovesky, Bird and Restoccia (2003) identified that a prehospital pain management training program increased the number of patients receiving pain medication three fold [12] . Further, paramedics increased their knowledge of pain principles by 17.5% following participation in an education program and were 32.2% more likely to provide non-pharmacologic therapy and were 24% more likely to document findings when introduced to a continuing education program [11] . They not only identified that paramedics significantly improved their basic knowledge but more importantly the underpinning knowledge behind clinical practice was shown to improve with enhanced knowledge of neuroanatomy [11] [22] .
Interestingly, studies that have examined the effects of nursing education programs have found that one continuing education class is often not effective in increasing knowledge [10] . In a study of nurses' knowledge (post nursing course) of children's pain management only 50% to 77% of nurses responded correctly to questions on pain management. Nurses who continued to attend paediatric pain management sessions went on to administer more opioids than those who did not [6] .
A survey into pain management found that 76% of physicians surveyed (n = 682/897) believed that their limited patient-pain assessment skill was the single most important barrier to adequate pain management [23] . As a result, their reluctance to prescribe opioids may be due, in part, to their limited training, which was cited as the second most important barrier among 61% of the respondents. Researchers concluded that proper knowledge of the assessment of pain, the management of side effects, and better understanding of opioid analgesics were needed [24] .
A study into aspirin administration rates in Oregon Emergency Medical Technician (EMT) services showed that two simple consecutive educational sessions increased the rate of aspirin administration from 15.1% to 37% for patients with Acute Coronary Syndrome (ACS) [25] . The researchers found that while there was resistance to the 30 minute lecture, knowledge increased and improved aspirin administration occurred [25] . The two brief educational interventions; a protocol change and a lecture, led to modest increases in aspirin administration rates. Rickard et al. (2007) used a randomised, controlled, open-label study to compare the use of intranasal fentanyl (INF) (n = 127) to intravenous morphine (IVM) (n = 100) for prehospital analgesia. All paramedics received education at the commencement of the study. While INF was found to be an effective alternative to IVM for use in the prehospital setting it was the paramedics' attitudes towards the change that was of interest to the researcher more so than the education undertaken [26] . The researchers identified that this program enhanced the knowledge of the paramedics and improved their attitude towards pain management. This study is consistent with other studies which have identified that in-service education programs for paramedics not only improve patient care outcomes [25] [27] but also greatly enhance the impact of knowledge and skills on the overall quality of care [11] [15] [28] .
Introducing new clinical practice guidelines (CPG), clinical practice procedures (CPP) and drug therapy protocols (DTP) into ambulance organisations may have little effect on clinical practice unless the dissemination is supported by quality pain management education and continuing education programs.
This study reviewed the difference in behavior between the two levels of paramedics within an Australian Ambulance Service. The study highlights the need for ongoing continuing education programs to be implemented as well as a review into the behavioural aspects and constructs of paramedics in administering morphine. A study by Hennes and Kim (2006) supports this finding by identifying that a knowledge deficit of paediatric pain management among paramedics in the United States may be a significant barrier for improving pain management; while 93% had knowledge that analgesia is indicated for adults, only 50% stated that analgesia is indicated for children with extremity fractures [3] .
The outcomes of this paper were to identify if there is a relationship between duration of pain management programs and adherence to protocols set out by an Australian Ambulance Service. We found that there was a statistically significant difference in correct morphine administration rates between ACPs and ICPs. The findings suggest that education and continuing education of all paramedics is required for adherence to drug therapy protocols and is consistent with findings from other studies. The length of education contributes to the paramedic's ability to accurately administer the correct doses of a drug to patients suffering significant pain.
Limitation
The present study has the following limitations: As with many surveys, because of the low response rate (35%) and limited sample based on only one cohort of ACPs within one region of a large ambulance service, data from the questionnaire should be interpreted with caution. Moreover, since this was a voluntary survey, results may be skewed and may not be representative of all advanced care and intensive care paramedics.
Another limitation is the difference of experience between the two groups of participants; this includes the length of clinical experience, length of employment and, academic education. The intensive care paramedics were more experienced in paramedic practice, more clinically experienced and held higher academic education qualifications, which may have affected the results.
Due to the sensitive nature of the topic, as outlined by one ICP, bias may have occurred which may have led respondents to modify their actual responses in order to demonstrate that they are using clinical judgement rather than following protocols.
Replicating this study using a larger population and different clinical practice regimen is recommended. One study is not conclusive as to the general measure of paramedics' attitude towards morphine administration and a broader base is needed for comparison.
Recommendations
Based on the findings from this study, the following recommendations are proposed to enhance pain management within ambulance services: 1) Distribute current National Health and Medical Research (NHMRC) pain management guidelines to all paramedics.
2) Include current pain management information in all baccalaureate programs, paramedic in-service programs and orientation programs.
3) Implement an annual in-service continuing education pain management program. 4) Conduct on-going patient-centred studies to assess paramedic knowledge and behavioural intention versus actual behaviour regarding pain and pain management.
Conclusions
The aim of the study was to identify if there was a relationship between duration of pain management programs and adherence to pain management protocols between two levels of paramedics from one Australian Ambulance Service. The two levels of paramedics were Advanced Care Paramedics who were trained in basic and intermediate life support and Intensive Care Paramedics who were trained in advanced life support skills. Although morphine as a drug therapy protocol is part of the annual skills validation, pain management validation processes do not exist within the service. This study identified that adherence to drug doses improved with more time applied to the education of a paramedic and more exposure to education. Pain management should therefore be considered a part of annual competency evaluations.
Educational interventions that have successfully increased a paramedic's knowledge may fail to have a significant impact on a paramedic's behaviour. Often pain management education must be continually reinforced in order to change behaviour. A paramedic's knowledge, regarding pain management with specific regard to opioid administration, can significantly influence the treatment and management of patients with pain.
Further research into paramedic's knowledge and behavioural intention, regarding morphine administration, is required. Implementation of pain management content into paramedic program curricular not only improves declarative and procedural skills to undergraduate students, but also improves the scope of practices for all levels of paramedics when introduced as continuing medical education programs. This continuum of education including introducing best practices will enhance further learning and better prepare paramedics for enhanced clinical practice. Finally, continued morphine administration research is required to explore why discrepancies occur among education, protocol and practice.
